Introduction
In the human population, metabolic abnormalities underlying coronary heart disease, hypertension and diabetes are associ¬ ated with undernutrition of the fetus in utero (Barker et al, 1993a ). Undernourished fetuses demonstrate patterns of growth dependent upon the timing of the nutritional restriction (Barker, 1994) . The fetus undernourished in early gestation will be proportionately small at birth (Barker, 1994) . Mid-gestation and late-gestation undernutrition result in disproportionate patterns of growth, each associated with different pathologies in adulthood. The fetus undernourished in mid-gestation is bom with a low body mass and is thin in proportion to body mass (Divon et al, 1986) . Such an individual will have significantly higher risk of developing non-insulin-dependent diabetes, hypertension and coronary heart disease (Barker, 1994) . The individual undernourished in late gestation may be born at a normal body mass but will be short in relation to body mass. In this instance, brain growth has been spared at the expense of the trunk. Small abdominal circumference at birth, an indicator of impaired fetal liver growth, when in conjunction with a low or average birthweight, is associ¬ ated with increased risk of cardiovascular mortality and increased circulating fibrinogen concentrations, which predict cardiovascular pathology (Barker et al, 1995; Martyn et al, 1995) .
These observations in the human population, representing the 'Barker hypothesis', received support from animal exper¬ iments. The feeding of low protein diets to pregnant rats is associated with higher blood pressure (Langley and Jackson, 1994; Langley-Evans et al, 1994a) , altered glucose metabolism (Snoeck et al, 1990; Dahri et al, 1991; Langley-Evans et al, 1994b) , insulin resistance (Dahri et al, 1991; Pickard et al, in press) and increased adiposity in the resulting offspring (McCarthy et al, 1994) . The findings of the animal studies mirror the Barker hypothesis in its simplest form, in that low body mass at birth and increased placental mass result from protein restriction in pregnancy in rats (Langley-Evans, 1994 After habituation to the purified diets for 14 days, the rats were mated; and they remained on the diets throughout the mating period (1-6 days). During the mating period, the (Table 3) .
In this study, the nose-anal lengths of the fetuses and the masses of brain, liver and lungs were recorded. Fetuses exposed to low protein were found to be significantly longer than control fetuses. The body mass:length3 ratio provides a measure of body composition and proportions (Bemardis and Patterson, 1968) and suggested that, at this age, the fetuses of dams fed the low protein diet were longer in proportion to body mass than control fetuses. Brains, livers and lungs were significantly heavier in the fetuses exposed to low protein, but when the masses of these organs were expressed as a percent¬ age of body mass, lungs and livers were found to be in proportion to body mass. The brains of the fetuses exposed to low protein were, however, proportionately small relative to brains of control fetuses.
The body masses of full term pups born to a further set of five dams fed each diet were found to be similar, regardless of maternal diet (Table 4) . Nose-anal (Fig. 1) . In control rats, lung and liver masses had increased by 42% and 34%, respectively, over the last 2 days of gestation. In rats fed low protein, however, the growth of these (Yajnik et al, 1995) and American (Yiu et al, 1994) populations have led to the proposal of the 'Barker hypothesis' (Barker, 1995) . It (Barker et al, 1993b (Barker et al, , 1995 (Harding et al, 1994) . Insulin-like growth factors and IGFBPs are under nutritional regulation and are sensitive to nutrient intake (Straus et al, 1991; Gallaher et al, 1994; Bauer et al, 1995) . The improved growth of the fetuses exposed to low protein in mid-gestation may also be achieved through the increase in placental size noted at day 14 and day 20 of pregnancy, allowing improved oxygen and substrate transfer.
Day 20 fetuses that were exposed to a low protein diet were long in proportion to body mass. These animals may be regarded as correlates of human babies that are thin at birth and subsequently develop high blood pressure and non-insulindependent diabetes (Barker, 1994 (Zeman, 1968) . Lower numbers of glomerula (Zeman, 1968) , which are also observed in growth retarded human infants (Hinchcliffe et al, 1992) , appear to result in impaired renal function (Hall and Zeman, 1968) .
It has been proposed that impairment of growth of the liver, the mass of which increased by only 15% over the last 2 days of gestation in rats exposed to low protein (compared with 34% in controls) is an early stage in the pathogenesis of coronary heart disease in humans (Barker et al, 1995) . Studies in rats suggest that the metabolic zonation of the liver is altered by maternal protein restriction (Desai et al, 1995) , and indeed metabolism of glutathione in the liver is radically altered in rats exposed to maternal low protein diets (Langley et al, 1994) .
The data presented in this study demonstrate that, as 
